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(54) Solenoid valves 

m TO. »*0 has * ^ on. sotenoid col, 1B. 1. In ^ » »™'^" ^l^^^al^SS «»h 
detect the position of the armature. The valve may have one or two stable positions. 
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A Solenoid Valve, 



The invention relates to a solenoid valve, and more 
particularly but not exclusively to such a valve with « . 

Lnoid coil, in which a magnet armature which ,s prov.ded wuh 
valve element, is guided so as to be able to move ax,aUy. 

Such a solenoid valve is for instance described m the - 
German patent publication 8,530,286 U or the German patenl : 
publication 3,034,817 A. the principle of operation or the^ Known 
solenoid valve resides in that a ferromagnetic magnet.c core s 
ma 9 netized by current flowing in the so,er.oid coi, ,n wh,ch t - 
positioned and magnetically attracts a sliding magnet —ature 
which after the switching off of the current Is 

force of a spring into its original position. The force decreases ■ 
„Tth an increase in the distance between the magnet. armature and 
the magnet core steep.* so that the effective range: of „ct,on 

comparatively small. - -r . m;a+lirA 

in order to produce very rapid response, of the -mature, 
for instance in the case of loudspeaker systems, it is Known to use 
a moving coil transducer, which makes. use of the Bipt-Savart 
effect or, respectively. Lorent, forces. W. this respect an 
electrica, coi, is arranged to be moved . in .a bel, magnet W 
and has separate means for bearing , it ^order to make use of the 
dispiacing force, which is generally proportional to the current. 



acting on the ccH for driving a diaphragm. This system has also 
alre al been suited for spoo, vaives. The eiectrica, po^r 
,eads to the moving coii are however comp.ex and ''-"-» * ,u ~ 
According* one object of the invention ,s to so make use 
of the advantages of such Known moving coi. transducers, whose 
dispiacing force is approximate* proportion, to the current over 
the range of action, in such a manner for solenoid valves that 
there is a simple, low-cost design avoiding entrained power leads 

and large moving masses. 

in order to achieve these or other aims, the invention 
provides a solenoid valve with at least one solenoid coil, in wh.ch 
a magnet armature, which is provided with a valve element, ,s 
guided so as to be able to move axial.y, and in which a mov.ng 
armature system without a magnetic core is provided in the case of 
which the magnet armature is at least partly In the form of a 

permanent magnet. 

in the case of the solenoid valve in accordance w.th .he 
invention it is possible to ensure a disp.acement force wh.ch ,s 
practically proportional to the current and which is aaa.nt.ally 
constant over the entire stroKe range. A magnet core as employed 
for conventional solenoid coils 4s not necessary, and T h« appl.-s 
for the return spring also, since the magnet armature parJy 
constituted by a permanent magnet may readily be positioned ,n rt» 
capacity of being a permanent magnet, it being moved out of A h.a 
neutral position by excitation of. the solenoid co.l and 
automatical returned again by switching off the same. Tn.s leads 
to an extremely simp.e structure with on.y a few components wh.ch 
are practically free of -ear. Furthermore, assembly is rendered... . 

very simple and cheap- ^ 

Further features of the - Invent' on are described m the 

C,aimS " The assembly of the structure may be facilitated by having 
a non-ferromagnetic armature housing, which bears the at least one 
solenoid coil and in which the, magnet is sliding* arranged In 
view of its function this magnet armature housing may also be 
termed a coil carrier. 



in keeping «.th yet another particularly simple form of 
the invention the tubu.ar magnet armature housing, which ^ 
constitutes^ . a,*, gu- for the magnet armature ,. t e ^ 
of the probation, of a valve housing, m which the 
which ,s rigidly connected .with the magnet armature - P"^* 
s„d,n 9 ,y guided.. However, it is possible as we., to do w 
any sliding guide: means for the magnet armature, ,n which case the 
vie iemenl which ,s guided for sliding and axia, movement n a 
vaive housing, constitutes an axia, guide means for the magnet 

armature rigidly connected with it. The valve housmg may be - 
armature na ^,, c ;k a or it may be manufactured 

connected with a magnet armature housing or it m y 

integrally with the same. -rrahsement a 

in order to improve the efficiency of the arrangement 

ferromagnetic and essentia,* tubular iron «^ ^™ ~ J," 

prov.ded, which externa,* fits around the magnet .rm.ture 

and the at least one solenoid coil. This iron circuit return 

member preferab* has a, least one inwardly ^ — _ 

oroiection which in the current-free cond.tidn of the at l~st one 

Z^co,, is directed towards one terminal po,e of.he magnet 

armature and predetermines the neutral settmg therec f 

possible for the magnet armature to be moved out of this neu r- 1 

possiuie . ^™~turo and to return inio uhe 

setting by excitation of the magnet armature and t 

latter owing to the force of the permanent magnetic ,.e d «f««r.... 

switching off the solenoid coil automatically.. There » «• . 

advantage that motion in either direction out * 

setting is possible in a way dependent on the direction of t£ _ 

l^ent flow through the soienoid CO,, The annular pro. Coo, ,s . 

in this case arranged ^uts^e the at least one solenoid = 

in order to increase the effect of. the force ,t .. possible 
for the magnet armature to have two oppositely polarized. , 
permanently magnets which are arranged axially in senes. two 
annu.ar proiections on either ^^^X^ r M 
respective* being directed towards th r«P*Cv ^ ■ ^ 

pole' of the two permanent magnets. The resu.x r 
separate magnetic circuits are formed, the "Solenoid co " . 
• respectively constituting the air cap for th« magneuc crcu.ts. 
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Both the displacing force and an also the retaining force are 
substantially higher in the neutral position in the case of tn.s 

design. ' . 

It is possible to achieve a very compact arrangement of- the 

solenoid valve if the valve housing accommodates the iron circuit 
return member and the magnet armature, if the magnet armature has a 
valve sealing member at one end surface at .east, the valve housmg 
has a valve seat resting on the valve sealing member m the 
current-free condition of the solenoid coil and the annular 
projection is directed towards the end part, which bears the valve 
sealing member, of the magnet armature. In the non-exc.ted 
condition of the magnet armature the valve sealing member is. hence 
in sealing engagement with the valve seat owing to the field force 
of the permanent magnet so that the va.ve may be opened by the flow 
of current in the solenoid coil. In lieu of a design w.th a 
normally Cosed va.ve it is however possible to have a design w.th 

a normally open one. 

For some applications a design of the iron circuit return 
member as a housing has been found to be particularly advantageous, 
two annular projections then constituting the end sides of the 
housing, in the case of a design in the form of a bistable servo 
member two solenoid coils are arranged in this housing axially. 
spaced out from each other. . Then in the "neutral position tne 
magnet armature has two neutral positions, that is to say w.th 
engagement on the one end surface and engagement on the ether end 
surface. In- this case it is possible f6r the central openings 
constituted by the annular projections to be formed- in the two end 

surfaces as valve openings. 

in the case of further convenient design in which the .ron 
return member in the form of a housing, the magnet armature .s 
constituted by. a- va.ve switching spool, of which at least one flow 
controlling land is in the form of a permanent magnet. In this 
case it is possible to achieve very compact dimensions of the .spool 

valve. 

In order to .increase the acting force it is Doss.ble 
furthermore to provide two flow controlling lands on the spool 
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member, which .„. the current-free condition ot two • 
are arranoed underneath the same. These permanent magnets »re 
this case "preferab* made with an annular configuration. 

It is possible to provide an extremely, compact arrangement 
with an exactly centered magnet armature if two annular projections 
are directed towards two solenoid coils, the two end poles of the 
magnet armature being arranged underneath the iatter in the 
current-free condition of the solenoid coils 

in order to enhance the efficiency and to improve the 
positioning effect it Is possible to provide an arrangement, 
which the permanent magnet in the magnet armature has a cy mdnca, 
^figuration and at both ends is provided with ferromagnet.c pole 
7Js. These pole pieces cause an advantageous deflect.on of the 
magnetic flux from the end surface of the permanent magne. .n 
Trder to increase the servo force it is possible in this respec. to 
provide a further oppositely poiarized permanent magnet arranged 
in series and also having pole pieces. 

An additiona. advantage of the solenoid valve in accordance 
with the invention is to be seen in the fact that the detection of 
the displacement of th., magnet armature may be per.ormed m e 
particularly by an axial and/or radial magnetic field sensor wh.ch 
responds to the stray magnetic field. This means that .t 
possible to sense and to regulate the position of the magnet 
armature in an extremely simple way without the otherw.se 
: conventional mechanical functional elements. . ' _ 

The inventions will now be described in more deta,. ,w,th : 

■ ~ j^w'mas which show several- working 
reference to the accompanying drawings, wmcn * 

embodiments thereof. 

. Figure 1 shows a first embodiment of the r 

invention with two solenoid coils and 

with one valve spool rigidly connected 
with the magnet armature. 
Figure 2 shows a second, sim'Har working 

embodiment with o:V.y one solenoid : , 

coil. 

Figure 3 shows a third, similar embodiment of 
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the invention with one solenoid coil 
and two permanent magnets in the 
magnet armature. 
Figure 4 shows a fourth embodiment of the 

invention in the form of a compact 
- automatically centered design with two 

solenoid coils. 
Figure 5 shows a fifth, similar off-center - 

design. 

Figure 6 shows a sixth working embodiment 

having a bistable arrangement with two 

solenoid coils. 
Figure 7 shows the seventh embodiment of the 

invention having a magnet armature in 

the form of a valve spool. 
Figure 8 shows the eight embodiment of the 

invention with a magnet armature in 

the form of a normally closed valve 

member. 

in the case of the working embodiment illustrated in figure 
1 a magnet armature 10 consists of a circularly cylindrical 
permanent magnet 11, which at both ends has axia.ly a.igned.pole 
pieces 12, which are a!so constituted by circularly cylindr.cal 
structures with the. same diameter. The field of the permanent 
maanet 11 extends axial ly, as indicated by the arrow. The magnet 
armature 11 formed in this manner is rigidly connected with a valve 

. i0 uh : rh has three flow controlling lands 

flow controlling spool =13, which nas xnree 

14 or collars. 

The valve spool 13 is arranged in a valve housing 13 so 
that it may be axia.ly shifted therein, the housing having three 
iateral connection ports 16. ..The design of the valve spool 13 and 
of the valve housing 13 is in. principle such as to allow a w.de 
range of variation and the present invention is not restricted to a 
par^icu.ar form thereof.- Thus, it is possible to vary the number 
and the arrangement of the valve spools 13 and of the connection 
ports 16 practically without any restrictions. 



, \ housing 15 is connected with a non-ferromagnetic 
The valve housing i- <s ^ ar ~ s +ure 10 and 

^ •„„ 17 fitted around the magnet arma.ure 

arma,Ure n a ne for. of a ben.' h « te 

such housing ,s ' of a non _ ferrortagn e,ic .eta, or 

m an U fact U red of ,ynt et,c re ,n o ^.^^ hous)ng „ bears 

of an non-ferromagnetic metal oy. n spaced 

tw „ so.enoid coiis 1 .and ^ w . - ^ arranWd over the 
from each other so that they . are resp arma ture 10 " 

po ,e Pieces 12. In t*is armature f^, ded by th e 

w ^ +h?rt it may be moved axial iy ana it » 
is arranged so xnax it may ^ on of 

irnn circuit return member 20 ot 

valv6 SPOO I ,3. - - mMnet armature - houslng 

th ere is an inserted ^^^1 - 

magnetic field sensor 23 .. inserted - respect , ve , y , into 
and ig in the magnet armature two mlonetic field sensors 

the iron circuit return member 20. Th. 

22 and 23 are connected with ^ ^^^ aMae fieid 
the magnet armatura 10 is permanent,, ; fleld 

o eimniP wav ot detecting 
sensors 22 and 23 prov.de a. s.mp* way ^ ^ . ? 

of the magnetic circuit and consequently of the 



magnet armature 10. 



armature 10. = rated respe ctively 

The two solenoid co.ls 18 and 19 -re op 

with an opposite effect, that is to say - " 

oppose current directions and pract.ca y cons u ^ . 

of the magnet systemjn ^^'W^ oroduc ed 

member 20. In the pole p,eces 12 the mao . h . ulre=tio „ of 

permanent ma.net ,1 is deflected. ^ , 

the current through the two solencd. v o,ls =nd 

ax ,al deletion to the left and, respect^ £ «- £ ^ 

abutments, net iilustrated, being proyid^ ,f Y ■ of 

th. arrangement, to ach.eve.for e '^h^: ^^M.^:** 
conventional proportional magnets. s The . , , 

the reversal of the principle of a moving co,l transd.ee. . 
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moving armature magnet system without any magnetic core. 

The second working embodiment illustrated in figure 2 .s 
similar.*, the first embodiment of the invention in structure so 
that like parts are denoted by .ike reference characters and are 

5 not described again. The essential difference resides m the fact 
that there is here only a single solenoid coil 18. The ,ron 
circuit return member 26, which is again substantially tubular, 
has at the point of connection with the valve housing 15, 
inwardly directed annuiar projection 27, which extends as far as a 

10 point near the magnet armature 10, that is to say as far -the 

right Pole piece 12. There is a magnet armature hous.ng 28 wh.ch 
has a tubular configuration and is connected Integrally with the 
valve housing 15. In contradistinction to the first embodiment of 
the invention this magnet armature housing constitutes a guidmg 

15 slide for the magnet armature 10. 

in the case of this second working embodiment the magnet 
armature lO and consequent! y the valve spool 13 is retained in the 
iMustrated position in the non-excited condition of the soieno.d 
col. 8 owing to the projection 27. The magnet armature 10 ,s drawn 

20 out of this position, dependent of the direction of current flow 
through the solenoid coil 18, to the left or to the right ax.ally 
and after the current has been switched off it returns 
automatically into the illustrated position owing to the f.eld of 
the permanent magnet 11, in which position the projection 27 on the 

25 magnetic po.e abuts against the outer end of the magnet armature 

The third working embodiment illustrated in figure 3 again 
has a number s polnts-of similarity with the second working 
embodiment so that like parts are denoted by like reference 

30 characters and are not described again. The most essential... 

difference between this embodiment of the invention, and the second 
one is that there is now a magnet armature 29, which is 
supplimented by the add-on of a further permanent magnet 30 and 
of a further pole piece 12, which are- rot present in the second 

.5 working- embodiment. The two permanent magnets 11 and 30 are for 
this reason separated by a pole piece, 12 and are cppos.tely 
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, • m furthermore a second iron circuit return member 31 

T -n'r ' pro e C 3 .. mounted w„h bilateral symmetry of the 

having a projection ° 97 and 32 

lron circuit return member so that the two ^'^f^T 
extend to both sides of the solenoid coi, "["^"V^^L 

B mature 29. Therefore two completely separate 

are constituted, the first, one consisting of the ,rpn ^ 
return member 31, the ieft poie member 12 and ^j^P^f - 
magnet 11 and the second one consists of the r.ght iron crcu, , 
magnet 11 _ . ^ ^ ^ the right permanent 

return member 26, the r.ght pc . P through the. 

0 magnet 30. The middle pole p.ece 12 and the a.r g p 

soienoid coil 18 are shared by the two magnet.c crcu.ts. Owing 

is arrangement an even higher servo force and an even h.her 
return force are possible in the current-free neutral P^on 
since now the two opposite outer poies of the 

,5 tend to- move bacK 'to the projections 27 and 32 ,n the non excted 

C0nd ' t ' On i '„ the illustrated working embodiment of figure 4 through . 
the magnet armature 10 is ; for simplification ^ B ^r ba 
„,ustrated without the valve element. However ,t may naturally be 
2 0 fitted with at .east one valye spool, a valve plunger. . .valve ^ 
membrane or with some other known valve member. The same J. a 
true for a valve housing,, not illustrated. Furthermore. *. Parts 
are denoted by reference characters as in the pr.v,ou£ 
described forms of the invention and are not descr.bed .n the 

25 following again. . , r<alflt(SS to 

The working embodiment illustrated in f.gure 4 relates^ 

f arrns + nrP in is held centered by 
an arrangement, in which the magnet armature 10 ,e n . 

the two solenoid, coils-*, the. non-excited cohd.t.on. The two 
soienoid coils ,8 and .9 are again, as in the first work.ng 

30 embodiment, arranged over the. two pole pieces an .are ■ r. ^ 

position by means of an essential.y tubular magnet •™^»^ n9 
33 An. iron circuit return member 34 has two annular pro,ect,ons 
t and 36. which extend radially outwards, and 'which are arranged 
over the so«enoid coils 18 and 19 and" for this reason ar*aga,n . 

~ 5 directed towards the pole Pieces 12. Tre magnet armature hous,ng 
• ^occupies the intermediate space between the projections 3S and 
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se and partly the intermediate space between the soienoid coils 18 
and 19. This arrangement makes possible an extremely short design 
but nevertheless a powerful servo force owing to the two magnet, 
spools 18 and 19 and a satisfactory action owing to the two 
5 projections 35 and 36 directed towards the outer poles. 

In the fifth working embodiment illustrated in figure 5 the 
magnet armature 10 has a non-centered neutral position. This means 
that the iron circuit return member 26 is designed in accordance 
with the second working embodiment, the one projection 27 pointing 
10 towards the left end pole of the magnet armature 10. Furthermore 
two solenoid coils 18 and 19 in; accordance with the first 
embodiment of the invention are arranged in a tubular magnet 

armature housing 37. 

In. the sixth working embodiment illustrated in figure 6 an 

15 iron circuit return member 38 is constituted by a cylindrical- 
housing, in which a tubular magnet armature housing 39 is arranged, 
which bears the two solenoid coils 18 and 19. The magnet armature 
10 for this reason has two neutral positions, namely the abutment 
position on the left end surface of the iron circuit return member 

20 38 shaped like a housing and the abutment setting against the right 
end surface -41 . In order to transfer the magnet armature 10 
between the two neutral positions the two solenoid coils 18 and 19, 
which are oppositely polarized, are respectively supplied with 
opposite currents. Connection members running to valve members,: 

25 not illustrated, may be arranged to run through central openings 42 

in the two. end surfaces 40 and 41 or it is possible for the 

openings themselves to be employed as valve openings. 

-It will be. seen^ from the. embodiments of the invention 

illustrated , in figure 4 through 6 that a "customized design of the 
permanent- magnet circuit, and more particularly of the iron circuit 
return member,, is possible to set the neutral positions of the 
magnet armature 10 in an extremely simple way in case of need in 
order to for example .to provide for particular valve functions such 
as with means for biasing in the middle or center position, for, 
fail safe or fqr pulse vajye functions. 

In the case of the seventh embodiment of the invention 
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IMustrated- in figure 7 a magnet armature .3 ^«J^'^ , 5 
the form of. a valve spool. Two annular permanent magne^ 
at the two outer ends of a connecting member 46 ,n . 
constitute the outer flow contains lands or coiiars. An «nnu,ar 
s,id,ng member 47 of synthetic resin or of a «-^»«"*' 
materia, in this case forms a middle land. Thetwo soleno.d «... 
; aid 19 are arranged at the outer end parts In a tubular magnet 
armature housing 48, whose iength is eoua, to the ^ ^ 
magnet armature 43, and the distance between the co.ls from each 
other is e,ua, to the distance between the permanent magnet 44 and 
45 An iron circuit return member 49, which ,s .n the form of a 
housing and is ferromagnetic, surrounds the entire arrangement, the 
w ax a, end surfaces 50 and 5, again having centra, ~™»' 

, ^ +ho rtiameter of the permanent magnets 
whose diameter corresponds to the diameter ot K - ^ . + . „ 

- + arm9tl ,re 43 may bs moved through these 

44 and 45 so that the magnet armature 43 may 

Tpenlngs 5, The two end surfaces 50 and 51 are in th,s ca -jn 
the form of separate parts, however the entire iron crcu.t return 
member 49 may also be an integral structure 

The two permanent magnets 44 and 45 constrtut.ng .he outer 
„nds cf the spcol are oppositely radially polarized and may -b. 
displaced through the two solenoid coils 18 and 19 out of .he 
niustrated neutra, position illustrated, there then be,ng a turn 
,„,o the neutra, position owing to the end surface 50 and ol of 
Iron circuit return member 49 automatically. 

The eighth embodiment of the invention illustrated m . . 
fi gure 8 is representative of an application of the "™-«£' n 
accordance with figure 5 so that Ilk. Parts are denoted by I*, 
reference characters^ are no, described in the following again-. 
The arrangement generally illustrated In figure 5 ,s placed n a 

c - ma o«.fsrtiired of non-ferromagnetic material, tor 
valve housing 53 manutacturea ot m<-"' 

lp,e synthetic resin. The lower pole piece in engagement w, 
the projection 27 is provided with a valve sealing member 54 wh.ch 
is ( ,«ed into this pole Piece 12. The corresponding, lower end 
Lface 55 of the valve housing 53 is provided in the .center w th a 

i M .+ A lateral connection port 58 
valve hole 57 and a valve seat 56. A .-cer*. 

functions as an outlet or, respectively, inlet. 
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in the non-excited condition of the two solenoid coils 1 8 
and 19 the valve sealing member 54 Is in sealing engagement with a 
valve seat 56. It is only when current flows through- the so.eno.d 
coils 18 and 19 that the magnet armature 10 is lifted clear of the 
valve seat 56 so that the valve is opened. The valve .s 
consequently designed in the form of a normally ; closed valve. If 
the insert in accordance with figure 5 is turned around .n the 
valve housing it will then be a question of a normally open valve. 
It is also possible for both end surfaces to be designed m the 
form of oppositely moving valves. 



Claim? 



, A solenoid valve with at least one solenoid coil, in 
1 A so,enol ° nrovided with a valve element, is 

which a magnet armature, wh,ch provided w, 

9 uided so as to be a.le to move ax,a^an d ,n*h ^ ^ 

armature svstem without . » ^ ^ of . 

which the magnet armature is at least par y 
permanent magnet. 

i The solenoid valve as claimed in claim V, wherein the 

m a 3 net armature is arranged for a*a, ^^j^ bearlng st 
non-ferromagnetic magnet armature housmg, sa,d hous.ng 

least one solenoid coil. 

~ The solenoid valve as. claimed in claim 2, wherein the 
— homing. „ £ ^.f^ 

f or the magnet ^^^Z element , wh ich is rigidly, 
of a valve hous.ng, .n wh^^ for sJlding movement, 

connected with the magnet, armature, is gu u 

■ •„„ j r-ipim ? wherein the 

4 The solenoid valve as cla.med .n cl^m ~, w 

va ,ve e.ement, which is ahle to he sliding and axia.ly rno^e ,J 
valve housing with a guiding act*n, constitutes an -x,.l 
the magnet armature rigidly connected with the same. - . 

5 The solenoid valve 4, wherein the valve housing is : 
connected with the" housing of the magnet armature or ,s 
manufactured integrally wit. it. 

• 6 The solenoid valve as claimed in ; any one of the 

receding claims 1 through , ^^^iT^Zr^ 
return member is externally, fitted ar?und the hous.ng 
armature and the at least one solenoid co.l. . . 

7 Th e solenoid valve as claimed in claim 6, wherein the 
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iron circuit return member has at .east one inwardly directed 
annular projection which in the condition free of current of the 
at least one solenoid coil is directed towards one end pole of the 
magnet armature and predetermines the neutral position of it.. 

8 The solenoid valve as claimed in claim 7, wherein the 
annular projection is arranged outside the at least one soleno.d 
coil. 

9 The solenoid valve as claimed in claim 8, wherein the 
magnet armature has two opposite polarized permanent magnets 
arranged axially in series and two annular projections on the two 
sides of the at least one solenoid coii are directed respective./ 
towards the outer end pole of the two permanent magnets. 

10 The solenoid valve as claimed in claim .8, wherein the 
valve housing receives the iron circuit return member, the at least 
solenoid -coil, the housing of the magnet armature and the magnet.c 
armature, the magnet armature has at one end surface at least a 
valve sealing member and the valve housing has a valve seat wh.ch 
in the current-free condition of the solenoid coil is in contact 
with the valve sealing member. 

. 11 The solenoid valve as claimed in claim 10, wherein the 
annular projection is directed towards the end part having the 
valve sealing member, of the magnet armature or towards the 
opposite end part, 

12 The solenoid valve as claimed in claim 10 or claim 11, 
wherein the valve sealing member is let into the magnet armature. 

13 The solenoid valve as claimed in claim 7, wherein two 
annular projections are directed towards two solenoid coils and the 
two end poles of the magnet armature are arranged underneath the 
same in the current-free condition of the solenoid coils. 
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„- The solenoid valve as claimed In Cairn 8, » here, ". ,he 

. m h»r is designed in the form of a hous.ng and 
iron circuit return member is designe 

two annular projections constitute the end surfaces of th.s 



housing- 



15 The soienoid vaive as ciaimed in claim ,4, wherein two 

a +hi<* housing-like iron circuit 
^^ZTEZ* - - direction and spaced 
apart from each other. 

„ The soienoid valve as claimed in claim 14 or claim 15, 
wherein the centra!- openings constituted by the annular 
projections are adapted to function as vaive open.ngs for a vaive 

element. 

-% 

1T The solenoid valve as claimed in Cairn 14 or claim J5. 
wherein 1 magnet armature Is designed In the form •* ^ 
Ipool, on which at .east one flow control ,and is des.gned ,n the . 
form of a permanent magnet. 

„ The solenoid, valve; as claimed in Calm 17, wherein two 
such iands are constituted by permanent magnets, «h«h ,n 
current-free condition of two solenoid coils are arranged 
underneath the same. 

19 The 'solenoid valve as claimed in Cairn i7 er claim 18, 

* mannBts have an annular configuration, 
wherein the permanent magnets nave an 

20 The solenoid valve as claimed in any one of the^ 
preC edih 9 claims 17 through 13, where, at least one urther land 
is designed in the form of an annular sliding member. 

„ The solenoid valve as claimed V any one of the 
precedi „: caims 1 through 15. wherein the permanent magnet ,n the 
m a g net -mature has a cylindrical form and at „s two ends ,s 
' provided with cylindrital ferromagnetic pole Pieces. 
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22 Ths .soae.oid valve as cl«— " • ™ ° s 

further, oppositely polarized percent n, 39 net is arrayed in 

and is provided with pole pieces. 

» The solenoid va!ve as cUi- «• cl*. »« ^ .Herein 
the distance between the po!e pieces is approbate!, eaual to 
distance between the tw> solenoid coils. 

2 4 The solenoid valve as clai-ed in clai* 1 . 
axi al and/or radiaT, magnetic field sensor adapted to respond to 

movement of the magnet armature. 

95 The solenoid valve substantially as described in the - 
- specif^Jon with reference to fi^e 1 of the accompany dr^ngs. 

26 The solenoid valve substantially as described in the 
deification with reference to figure , of the accompanying drawings. 

27 The solenoid valve substantially as described in the 

27 The sole . accompanying drawangs. 
specification with reference to figure 

98 The solenoid va^e substantially as described in the 

28 The solenox accompanying drawxngs. 
specification with reference to figure 

79 The solenoid valve substantially as described in the 

29 The solenoi accompanying drawings, 
specification with reference to figure > or 

,0 The solenoid valve substantially as described i, 
specification with reference to figure 6 of the acconpanv.no drawxngs. 
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31 The solenoid valve substantially as described in the 
specification with reference to figure 7 of the accompanying drawings. 



32 The solenoid valve substantially as described in the 
specification with reference to figure 8 of the accompanying drawings 



33 Whilst endeavouring in the foregoing Specification to draw 
attention to those features of the invention believed to be of part- 
icular importance it should be understood that the Applicant claims 
protection in respect of any patentable feature or combination of 
features hereinbefore referred to and/or shown in the drawings whether 
or not particular emphasis has been placed thereon. 



Kent. 



